Abstract This article analyzes some of the most popular scientific journals in the Manufacturing field from the point of view of four bibliometric indicators: the ISI impact factor (ISI-IF), the Hirsch (h) index-for-journal, the total number of citations and the h-spectrum. h-spectrum is a novel tool based on h, making it possible to (i) identify a reference profile of the typical authors of a journal, (ii) compare different journals and (iii) provide a rough indication of their ''bibliometric positioning'' in the scientific community. Results of this analysis can be helpful for guiding potential authors and members of the scientific community in the Manufacturing area. Of particular interest is the construction of maps based on h-spectrum and ISI-IF to compare journals and monitor their bibliometric positioning over time. A large amount of empirical data are presented and discussed.
Introduction
In the world of scientific research there is a large number of journals, which represent the natural destination of the output of researchers. These journals cover many different scientific disciplines and can be differentiated by subject/topic of interest, reputation and popularity within the scientific community. Although representing just a portion of the Engineering field, Manufacturing encompasses several scientific journals, constantly growing in number. Considering the perspective of a researcher of this area, many questions may be raised: ''What criteria can be used to evaluate and compare different Manufacturing journals?'', ''How is it possible to find rough information on the author population of each Manufacturing journal?'', ''What is the bibliometric positioning of different Manufacturing journals and their influence on the scientific community?'' Answering the previous questions is not easy. There are many ways to monitor, compare and study how scientific journals change over the years, like considering their circulation, the reputation/prestige of the editorial board or the presence of articles submitted by eminent authors. However, these evaluations are often subjective and not very reliable. A more objective tool for this purpose can be represented by bibliometric indicators, which are based on citation statistics. Although indicators can show some weak points, most of the time they seem to be the main way for evaluating, comparing and ranking scientific journals (Garfield 2006; Leydesdorff 2009; Mingers 2009 ).
The goal of this paper is to analyse some of the major Manufacturing journals from the point of view of four bibliometric indicators, respectively the ISI impact factor (ISI-IF), the Hirsch (h) index for journals, the total number of citations (C) and the h-spectrum. ISI-IFalong with other very diffused indicators like cited half-life and immediacy index-is evaluated only for journals indexed by Thomson Scientific (Amin and Mabe 2000; Thomson Reuters 2010) . h-index-for-journals and C are other relatively diffused citationbased indicators, whereas h-spectrum has been recently introduced in order to complement the others (Hirsch 2005; Franceschini and Maisano 2010a, b) . Differently from ISI-IF, the last three indicators are applicable to every kind of journal. In particular, h-spectrum can be used for several practical purposes:
• to define the profile of the ''typical authors'' of a specific journal. This profile may represent a reference for other (potential) authors; • to help a journal's editorial board to periodically monitor the effect of the paper selection policy, from the viewpoint of the population of the journal authors. In this sense, h-spectrum may become an indicator of editorial strategy; • to provide a rough indication on the bibliometric positioning of a journal on the scientific community.
All the four indicators are based on citation statistics and they should not be used for comparing journals of different disciplines (e.g. Medicine, Physics, Engineering, Mathematics etc.), owing to the different citation rates (Antonakis and Lalive 2008) . The present analysis can be helpful for guiding potential authors and members of the scientific (academic) community in the Manufacturing area. A parallel study has been recently carried out in the field of Quality Engineering/Management (Franceschini and Maisano 2010a) .
The remaining of this paper is organised into four sections. ''Bibliometric indicators'' section provides a description of the bibliometric indicators that are used in the analysis. ''Methodology'' section focuses on the analysis methodology. ''Empirical data analysis'' section presents some analysis results and reflections about them. ''Remarks on the combined use of different bibliometric indicators'' section contains a proposal for using h-spectrum and ISI-IF complementarily. Finally, conclusions are given, summarising the original contribution of the paper.
Bibliometric indicators
Indicators that are used in the analysis are briefly described in the following subsections. A close examination of the mathematical basis underlying most of these (and other) bibliometric indicators is presented in Glänzel (2010) and Glänzel and Schubert (2010) .
ISI-IF
The ISI-IF was created in the 1960s as a way to measure the value of scientific journals. For a particular journal and year, ISI-IF is computed by calculating the average number of citations to articles published in the journal during the preceding 2 years, from all articles published in that given year (Garfield 2005) . Unfortunately, ISI-IF is more often misused (JCQAR 2010) . The most insidious misuse is represented by the growing tendency to compare individual papers, people, programs, or even disciplines, ascribing the properties of an individual journal to each article within that journal (and to each author). In other words, it should be pointed out that if the ISI-IF of journal A is greater than that of journal B, then a paper in A is not necessarily superior to a paper in B, and the author of the paper in A is not necessarily superior to the author of the paper in B.
ISI-IF values of the indexed journals are annually reported in the journal citation reports (JCR) by Thomson Scientific (Thomson Reuters 2010).
h-index
The h-index is a relatively recent bibliometric indicator for evaluating the scientific productivity and diffusion of one author in terms of publications and citations respectively. h is defined as the number such that, for one author's publications, h publications received at least h citations while the other publications received no more than h citations (Hirsch 2005 (Hirsch , 2007 . In general, the larger h, the larger the diffusion and prestige of one author in the scientific community.
A peculiarity of h is that it cannot decrease with time. In fact, it synthesises the number of papers and the corresponding number of citations, and both these variables do not decrease over time. For example, in case of career interruption or retirement, the h-index of one author remains constant or may increase (if already published papers accumulate new citations). The negative consequence of this fact is that h is not perfectly suitable to compare scholars with different seniority, being in favour of those with long careers (Mingers 2009 ).
Ever since its introduction, h received much attention and also some criticism; in any case it has the unquestionable merit of being simple, synthetic and robust (Moed 2005; Egghe 2006 Egghe , 2010 Glänzel 2006a; Kelly and Jennions 2006; Saad 2006; Bornmann and Daniel 2007; Costas and Bordons 2007; Franceschini et al. 2007; Orbay et al. 2007; Schreiber 2007; Wendl 2007; Harzing and van der Wal 2008; Alonso et al. 2009; Van Raan 2006; Rousseau 2010; Franceschini and Maisano 2010c) . Another tangible sign of the popularity of h is the appearance of many proposals for new variants and improvements (Banks 2006; Batista et al. 2006; Braun et al. 2006; BiHui et al. 2007; Burrell 2007; Katsaros et al. 2007; Sidiropoulos et al. 2007; Antonakis and Lalive 2008; Woeginger 2008; Franceschini and Maisano 2009; Lehmann et al. 2010; Schreiber 2010; Franceschini et al. 2010) . Braun et al. (2006) proposed using the h-index for evaluating and comparing scientific journals as well. In detail, the h-for-journal is the number such that, for the group of articles published by the journal in a precise time period (e.g. 1 year), h articles received at least h citations while the others received no more than h citations. Thus, the way of calculation is the same as for h, with the only exception that the articles are related to a journal in a specific publication period.
Total number of citations
C is the total number of citations so far received by the journal issue(s) published in a specific period (e.g. in 1 year). This information is immediately available from the most diffused search engines (i.e. Google Scholar, Web of Science and Scopus) and does not require any calculation (Harzing and van der Wal 2008; Scopus-Elsevier 2010; Thomson Reuters 2010) .
h-spectrum h-spectrum is defined as the distribution representing the h values associated to the authors (and co-authors) of a specific journal, considering a specific publication period (Franceschini and Maisano 2010b). The term ''spectrum'' is originated from the fact that this distribution provides an image of the journal author population in a precise time period. Advantages of this new indicator are discussed later on. h-spectra will be constructed according to the following assumptions/conventions:
• All the different (co-)authors of one journal have the same importance. Thus, their h-indexes are not weighted in inverse proportion to the number of (co-)authors of the corresponding paper(s).
• The h-index of an author, who publishes more than one article in a journal during the period of interest, is counted (only) once.
• For simplicity, the h-index of each author is calculated taking into account the scientific publications and citations accumulated up to the moment of the analysis. In fact, it should be remarked that the h-index of a scientist tends to increase over time, because of the gradual accumulation of publications/citations. With a bit more effort-the analysis can be developed considering the publications/citations accumulated up to the journal publication date, excluding the subsequent ones. However, since the average time growth rate of h-index is relatively small (in engineering disciplines especially), the real variations in the h-spectra would be reasonably limited (Burrell 2007 Table 1 ). Also, Table 1 reports the journal acronyms used hereafter in the text. For each journal we determine ISI-IF, h, C, and the h-spectrum relative to different years.
Apart from ISI-IF, citation statistics are collected using Google Scholar (GS) as search engine. It was decided to use this database (i) because of its greater coverage (GS also includes citations to books, book chapters, dissertations, working papers, conference paper, and journal articles published in non-ISI and Open-Access journals) and (ii) since it can be automatically queried through dedicated software applications, such as Publish or Perish or other ad hoc applications (Harzing and Van der Wal 2008) . Nevertheless, the analysis can be repeated using other databases, like Web of Science or Scopus. It is worth mentioning that in the Web of Science, the indicators of a given journal/scientist can be obtained by few clicks, by using the Analyze Results feature (Thomson Reuters 2010). Unfortunately, search is limited to citing papers published on journals/proceedings that are listed by Thomson Scientific. This is the reason why we did not use this tool.
A crucial problem encountered in our analysis is represented by homonym scientists/ authors. In general, authors with common names or authors identified only by the surname and the first name initials-rather than full first name(s)-are subject to this kind of problem. The practical effect is that contributions of different homonym authors are erroneously added up, with the result of ''inflating'' one author's h. For this reason, 15 of the 38 Manufacturing journals indexed by Thomson Scientific have been a priori excluded from the analysis. Also, considering the 23 examined journals, some authors with common names and only first name(s)' initial(s) have been found. Luckily, these ''suspected'' authors can be detected and then excluded from the analysis quite easily. However, since they represent just a small part of the available information, the loss of information is not In general, h-for-journal and C have quite similar patterns. The corresponding empirical correlation is represented in Fig. 3 , taking into account three of the 23 examined journals. Considering the scientific production of one scholar, Hirsch empirically showed that C is approximately proportional to h 2 (Hirsch 2005) . Analysing the patterns in Fig. 3 , this behaviour roughly seems to apply to the h-for-journal as well.
From 1995 to 1999, the C profile of JMPT looks rather high and nervous, with two peaks that fall beyond the upper limit of the vertical axis scale. The reason is that in this period the journal had been publishing a large number of articles with many received citations. The sudden drop in C after 1999 is due to a strong reduction of the number of articles published every year by the journal (from about 500 to about 200). The JMPT's hfor-journal profile is a bit less nervous, since h-for-journal is more insensitive to accidental excess of lowly and highly cited articles (Orbay et al. 2007 h-for-journal and C can be used to compare different journals. It must be pointed out that citation accumulation of one article requires a certain amount of time to become stable. According to some authors, about 5-6 years for journals in the management/ engineering field (Amin and Mabe 2000; Castillo et al. 2007; Harzing 2010 ). This ''physiological'' behaviour is well represented in Figs. 1 and 2 and applies to most of the journals: in the last years (e.g. from 2004 to 2009), h-for-journal and C values tend to decrease and are significantly smaller than in the previous years. Thus, h-for-journal and C are not suitable to evaluate the most recently published journals and, much less, to compare them with other older publications. Besides, being sensitive to the number of articles per issue, if calculated on a yearly basis, h-for-journal and C tend to favour journals with many articles/issues per year.
Apart from the last 5-6 years, most of the h-for-journal values are included between 5 and 25. Similarly, most of the journal C values are included between 100 and 2,500. Figure 4 shows the journal h-for-journal and C mean values and the corresponding standard deviations (respectively s h and s C ), in the years 1989-2003.
h-spectrum viewpoint
The h-spectrum analysis can be divided in two distinct activities:
• construction and comparison of the h-spectra related to the 23 journals in the same reference year (i.e. 2009), so as to investigate how the h-spectrum changes from journal to journal; Fig. 3 Relationship between h-for-journal and C considering data related to three Manufacturing journals (i.e. IJPR, PE and RCIM), over 21 consecutive years (from 1989 to 2009). Hirsch empirically showed that, for one researcher, C is approximately proportional to h 2 (Hirsch 2005) . This behaviour seems to apply also to the h-for-journal and can be extended to the remaining journals • construction and comparison of the h-spectra related to the same journal(s) in six consecutive years (precisely, from 2004 to 2009), so as to investigate how a journal's h-spectrum tends to change over time.
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Analysis in the year 2009
For each journal, we identify the authors of papers published in 2009. Then, the h-indexes of the individual authors are calculated. Finally, the distribution of the authors' h-indexes is constructed. The output of this analysis is illustrated in Fig. 5 , showing the h-spectra related to the journals in Table 1 . At a first glance, all these distributions are right-skewed and have a characteristic profile, which is approximately decreasing. Analysing the distributions in more detail, some interesting aspects emerge. Figure 6 shows the authors' h-index average value ( " h), the corresponding standard deviation (s) and the number of authors (N) associated to each 5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35  40   0  5  10  15  20  25  30  35  40  0  5  10  15  20  25  30  35 Table 1 ), in the year 2009. For each journal, the authors' h-index average value ( " h), the corresponding standard deviation (s) and the number of authors (N) are reported. Spectra are sorted in alphabetical order with respect to their acronyms journal. Journals are sorted in descending order with respect to " h. It can be seen that, despite their similar shape, distributions are appreciably different in terms of values of " h and s.
Furthermore, it is interesting to notice that-considering the same journal-" h and s have generally similar values. Their empirical correlation is nearly linear with a rather high coefficient of determination (R 2 = 0.76, see Fig. 7 ). Let us try to justify this result. Looking at Fig. 6 , the vast majority of authors have relatively low values of h (say less than 10-15). This applies to all journal h-spectra. Considering a generic h-spectrum, the presence of authors with relatively high h-values (say above 15-20) will therefore make the distribution expand to the right, inducing an increase in the corresponding " h and s values. Realistically, this is the reason why both " h and s tend to increase for those h-spectra with a relatively heavy right tail. A more formal justification of this correlation could be formulated after constructing a suitable h-spectrum mathematical model, based on common approaches in bibliometrics (Egghe and Ravichandra Rao 2001; Burrell 2002; Glänzel 2006b) .
Going back to the analysis, there is no empirical correlation between " h and N or s and N (R 2 & 0). On the basis of this result, it seems quite appropriate using " h as a synthetic indicator to perform quick evaluations and comparisons among different h-spectra. Relationship between s and " h related to the h-spectra in Fig. 5 Bibliometric positioning of scientific manufacturing journals 473
Analysis over six consecutive years
The second part of this analysis is aimed at finding how h-spectra changes over time. To this purpose, the construction of the journal h-spectrum is extended to six consecutive years (from 2004 to 2009). For simplicity, Fig. 8 reports the resulting spectra concerning only three of the previous 23 journals (IJPR, PE and RCIM). For IJPR and RCIM, h-spectra look relatively robust and stable over the six examined years. Differently, PE shows some fluctuations in " h values. " h, s and N values for all the 23 journals are synthesised in Table 3 . Focusing the analysis on " h values, the corresponding journal profiles can be divided into two qualitative groups (see Fig. 9 ):
1. Stable-" h profiles are almost flat, with moderate fluctuations over the years; 2. Nervous-Irregular profiles with more pronounced variations It can be noticed that " h values of the journals of group one are generally smaller than the others', while journals of group two are qualitatively more variable than the others. Possible variations in one journal profile are due to (i) change of the journal editorial board, (ii) variation of the article selection policy, (iii) appearance of new competing journals, (iv) presence of special issues, etc.
Apart from the journals of group two, it can be said that profiles are generally stable. Two possible reasons of the profiles' relative stability are:
• authors of a particular journal tend to be ''attracted'' to it over the years;
• the editorial board policy tends to be consistent over time.
Since, there can be some variations from one year to the next, we noticed that the characteristic shape of one journal's h-spectrum becomes more and more consolidated by increasing the reference time period. This aspect is shown in Fig. 10 , reporting the h-spectra for three of the 23 Manufacturing journals, in four different time periods (1, 2, 4 and 6 years, respectively). Numerical data related to the h-spectra of all the examined journals are reported on Table 4 .
Further reflections on the h-spectrum
h-spectrum may have many different practical utilizations, such as:
• providing a ''snapshot'' of the author population of a specific journal, representing a reference for other (potential) authors. For example, assuming that a (potential) author with h = 3 compares himself with the PE authors in 2009, he will fall on the 45th percentile of the corresponding h-spectrum, or another author with h = 1 will fall on the 24th percentile.
• helping a journal's editorial board to periodically monitor the practical effect of the article selection policy from the point of view of the author population. In this sense, h-spectrum may be interpreted as a signal of editorial strategy. For example, if " h decreases significantly from one year to the next, it probably means that-among authors-the portion of young researchers or professionals/managers (generally, with small h values) tends to increase with respect to the portion of senior academics (generally, with high h values).
• providing a rough indication of one journal's bibliometric positioning on the scientific community.
The choice of basing this bibliometric tool on h is due to several reasons. First, h is simple and able to synthesize the citation distributions of one author into a single number. This is certainly an advantage as managing the full citation distributions of thousands of authors would be very impractical. Secondly, h is more robust than other synthetic indicators-such as the average number of citations per paper (CPP) or C. This is another important quality, since citation statistics can be subject to different types of database mistakes (such as false references, duplicate records, missing/incomplete data etc.), widely discussed in the literature (Jacso 2006; Bar-Ilan 2008; Bornmann et al. 2009 ). In particular, despite the higher coverage, the database in use (i.e. GS) is more prone to these mistakes than other databases. Probably, this comes from the automatic generation of the data set by scanning and parsing PDF files so as to extract reference lists. As a result, data quality of GS is, at present, undoubtedly lower than that one of Web of Science or Scopus (Bar-Ilan 2010). In this sense, the use of h represents a form of protection, since this indicator is less influenced by database mistakes than others. Some practical examples concerning this aspect are presented in a recent short note of Franceschini and Maisano (2010d) . Indeed, h can be criticized since it crushes the multidimensional space of bibliometrics into one single dimension and has a relatively low discriminative power (Glänzel 2006b (Glänzel , 2010 . However, when large-scale evaluations of the scientific production are performed (e.g. over thousands of publications), our opinion is that advantages of h predominate over disadvantages.
In conclusion, h-spectra can be reliable tools for evaluating a journal at the very moment of the publication, despite the fact that they are based on the publications/citations accumulated before the publication itself. There are empirical proofs of the fact that the citations received by a new article are generally consistent with the citations received by previous articles of the same author, that is to say the author's reputation (Castillo et al. 2007) . Being the number of authors per journal quite large (typically more than 40-60 authors per year), it is reasonable to assume that the authors' reputation will be generally respected.
Remarks on the combined use of different bibliometric indicators
It is worth emphasising the difference between h-spectrum, which is related to the reputation of one journal's authors, and ISI-IF, C, h-for-journal and other traditional bibliometric indicators, which are related to the citations effectively accumulated by one journal's articles. Generally speaking, the academic reputation of a journal's author group is not the equivalent of the reputation of the journal, as well as not the equivalent of the influence of the journal. For this reason, these different indicator typologies are two complementary ways to evaluate/ compare scientific journals. Figure 11 shows the " h-ISI-IF map, representing an empirical confirmation of the lack of correlation between " h and the ISI-IF values (R 2 & 0). A combined use of h-spectrum and ISI-IF can be performed for identifying the following situations (Fig. 12 shows the " h-ISI-IF map for all the 23 journals for 2008; the corresponding " h and ISI-IF values can be found in Tables 2 and 3): 1. Journals with medium-high authors' reputation (in terms of " h values) but few received citations (in terms of ISI-IF). This can be the case of relatively recent journals which are still struggling to become popular in the scientific community. A " h-ISI-IF map can be also used for representing the bibliometric positioning of the journals and tracking their evolution over the years; the map in Fig. 13 is constructed ISI-IF, the three other indicators can be applied to every kind of journal-not necessarily those indexed by Thomson Scientific or other organizations. Citation statistics are collected using the GS freeware search engine. One novelty of this paper is the intensive use of the h-spectrum, a recent indicator based on the h-index. It is interesting to observe that the h-spectrum has a peculiar shape and it is rather robust over the years. Furthermore, it can be calculated at the very moment of the journal publication, unlike ISI-IF (which is calculated 1-2 years after the publication), h-for-journal and C. Differently from h-for-journal and C, h-spectrum does not tend to favour journals with many articles/issues per year.
The bibliometric analysis we proposed can be helpful for different reasons: (i) it provides a reference for the (potential) authors of the major scientific journal on Manufacturing sector; (ii) it makes it possible to perform rough comparisons between different journals and estimate their bibliometric positioning; (iii) it supports a journal's editorial staff to periodically monitor the effect of the paper selecting policy. Of particular interest is the construction of the " h-ISI-IF map to compare journals and monitor their bibliometric positioning over time.
Several ideas for further research activities may originate from this work. It would be interesting to extend the analysis to a wider set of Manufacturing journals (including those not indexed by Thomson Reuters) and to other disciplines-such as industrial engineering and mechanical and aerospace engineering-and define a guideline for ranking journals by using several bibliometric indicators in a structured way.
